INTRODUCTION
During recent years, there has been a growing awareness about possible biological effects of deposition of various pollutants in the atmospheric environment (Abdulkareem and Odigure, 2001; Bolion, 1991) . Due to this, "air pollution and population health" has become one of the most important environmental and public health issues (Bingheng and Haidong, 2008) . This is because atmospheric pollution poses significant impact both to human health and the environment. Evidences from various governmental organizations and international bodies have proven that air pollution is a major risk to the environment, quality of life, and health of the population (Colbeck and Nasir, 2010; WHO, 2000a WHO, , 2004a WHO, , b, 2007 . Economic development, urbanization, energy consumption, transportation/motorization and rapid population growth are major driving forces of air pollution (Colbeck and Lazaridis, 2010 ).
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The human health effects due to air pollutants include carcinogenicity, pulmonary tuberculosis, cerebrospinal meningitis, pneumonia, whooping cough and measles (Nwachukwu and Ugwuanyi, 2010; Ugwuanyi and Obi, 2002) ; while the environmental effect is global warming (Bolion, 1991) . The health effects which are due to air pollution are called epidemiological diseases. These diseases are well-defined by Nwachukwu and Ugwuanyi (2010) , and Ugwuanyi and Obi (2002) . Epidemiological studies play an ever important role in environmental health risk assessment. This is because epidemiological information (data) contributes increasingly to policy development, public health decision-making, the establishment of environmental regulations, and research planning (WHO, 2000a) . Unlike laboratory experiments, epidemiology provides evidence based on study of human populations under real world condition. The contribution of epidemiology and air pollution factors to health risk assessment has been widely discussed (WHO, 2000a (WHO, , 2004 (WHO, , 2007 ; however, these studies can never be enough as the parameters involved are highly temporarily and spatially variable. Therefore, they need to be continually studied.
In recent years, several epidemiological studies have emerged showing adverse health effects associated with short-term and long-term exposure to air pollutants. Time series studies conducted in Asian cities also showed similar health effects on mortality associated with exposure to particulate matter, NO 2 , SO 2 , O 3 (Ali and Ather, 2010; Ali and Ather, 2008; Ghauri et al., 2007; Kumar and Joseph, 2006) to those explored in Europe and North America (William, 2012; Menezes et al., 2012; Vlatka et al., 2011; Icaga and Sabah, 2009; Rodriguez et al., 2007; Perrino et al., 2008; Zabalza et al., 2007; Dragan et al., 2008; Bingheng and Haidong, 2008) . Osuji and Avwiri (2005) monitored the ambient air quality of industrial areas of Nigeria for criteria pollutants CO, NO 2 , SO 2 , O 3 , Particulate Matter, and Pb and found all of them to be very high as compared to World Health Organization Air Quality Guideline. This means that these pollutants are already of risk to the teaming Nigerian population. Nwachukwu and Ugwuanyi (2010) studied air pollution and its possible effects on rural dwellers in Rivers State, Nigeria and found out that the lower atmosphere of the State is already affected by air pollution and that this is already affecting the health of its inhabitants.
The levels of air pollutants can vary from country to country and from continent to continent (WHO, 2004b) . For example, air pollution levels in developed countries have been decreasing dramatically in recent decade, however; in developing countries, air pollution levels are still at relatively high levels (Bingheng and Haidong, 2008) . This is because in developed countries, there is advanced air quality management and this is ensured by establishment of air quality laws, ambient air quality standards, continuous monitoring of air quality and development of emission control strategies (Colbeck and Lazaridis, 2010) . In developing countries, these laws are not in place, and where they are in place, they are not enforced. Also, lack of technological know-how and lack of environmental education among the citizens are other major reasons many developing countries have not been able to control their air quality.
Nigeria is among the developing countries. Since Nigeria started exploration of its oil and gas, and other natural resources, it has experienced an escalation in its population growth, urbanization, and industrialization, together with great increase in motorization and energy use. As result, a substantial rise has taken place in the type and number of emission sources of various pollutants. However, due to lack of air quality management capabilities, the country is suffering from deterioration of air quality.
Before the 1970s, when industrial activities and urbanization were at low levels in Nigeria, most part of the country could have passed any safety standards as regards air pollution and its effects on man (Osuji and Avwiri, 2005) . The problem of air pollution became a pact to be reckoned with in the country following the environmental side-effects of the rapid industrialization that accompanied the 1973 to 1980 oil booms in Nigeria (Nwachukwu and Ugwuanyi, 2010; Ugwuanyi and Obi, 2002) .
Gas being flared into the atmosphere is one of such indiscriminate discharge and the petroleum industry operation is a major contributor (Onosode, 1996) . Similarly, massive use of fuel wood for cooking by the people due to the nation's ailing economy, indiscriminate bush burning and other damaging forces have aspirated the problem contemporarily. There is, therefore, undoubtedly a high rate of atmospheric pollution in Nigeria especially in the country's industrial areas. For example, the air over Lagos, where about 38% of the manufacturing industries in the country are located, has since 1983 been credited with characteristic unpleasant odour. The Niger-Delta region of Nigeria where oil and gas are produced, and where Rivers State is located is indeed another case in point (Nwachukwu and Ugwuanyi, 2010; Osuji and Avwiri, 2005; Ugwuanyi and Obi, 2002; Oyekunle, 1999) .
In the face of this development, the people of Rivers State who are at the heart of Niger-Delta geopolitical zone of Nigeria, with a good number of multi-national oil companies, cement companies, traffic congestion etc, may be the worst hit. It is now increasingly recognized that the contribution of the petroleum industry to the environmental depredation goes far beyond the immediate vicinity of the oil producing areas (Ikelegbe, 1993) . (ii) Particulate matter: Stress on the heart, bronchial constriction, impairment of lung elasticity and gaseous exchange efficient, silicosis (a form of pneumoconiosis caused by inhalation of dust particles), respiratory tract disease systematic toxicity, and altered immune defense. (iii) Cement dust: Pulmonary tuberculosis, allergic asthma, pneumonia, heart disease, bronchitis influenza emphysema, and mycosis. (iv) Carbon dioxide: Reduces the quantity of O 2 transported to tissues, hence can impress extra burden on those suffering from anaemia, chronic lung conditions, heart and blood vessel diseases, brain damage, impaired perception, eye and nasal irritation, lung damage respiration tract disease. (v) Lead/asbestos: Causes asbestosis (chronic lung cancer), and mesotheleliionia (a rare form of cancer). Kidney disease and neurological impairment, primarily affects children. (vi) Photochemical oxidants (e.g. ozone): Long exposure to it can cause reduced eye-sight, fatigue, pneumonia, pulmonary headache, breathing difficulties, chest pain, (viii) Carbon monoxide: Interferes with oxygen uptake into the blood (chronic anoxia), heart and brain damage impaired perception, asphyxiation, weakness, headache and nausea.
(ix) Nitrogen dioxide: Reduction in lung function, increase in mortality, increase in airway allergic inflammatory reaction, and increased probability of respiratory symptoms.
In the continuing search for lasting solutions to problems caused by air pollution, one approach we believe is to obtain information on the health effects of environmental pollution on the inhabitants of Rivers State (especially the rural dwellers) who, indeed, are worst hit, as they have little or no knowledge about the hazardous nature of these pollutants. It is against this background that we present our findings in this regards sequel to a study conducted in Rivers State, Nigeria.
MATERIALS AND METHODS

Study design
This research study covers five years ( The major air-borne related diseases investigated are pneumonia, pulmonary tuberculosis, measles, cerebrospinal meningitis (CSM), and whooping cough (pertusis). These disease terms are well defined in literature (Nwachukwu and Ugwuanyi, 2010; Ugwuanyi and Obi, 2002; Brooks et al., 2007; Willy et al., 2008) .
RESULTS AND DISCUSSION
A total number of 30,435 incidences were recorded within the period of review (that is, 2003 to 2007) , with an annual average of 6,087 incidence and a total number of 61 deaths (Tables 1 to 12 ; Figures 1 to 8) , corresponding to an annual average of 12.2 deaths. Pneumonia emerged with the highest number of incidence both on monthly and annual basis. It equally has the highest incidences within the period of review (that is, 2003 to 2007) . Tables 1 to 5 represent the environmental impact matrices of the patients versus the diseases, while Tables 6 to 10 represent monthly incidences of measles, Total  2003  114  78  83  75  63  --64  35  108  63  61  712  2004  105  163  205  205  185  220  163  108  51  37  60  78  1433  2005  43  128  65  31  21  29  33  79  27  73  25  66  620  2006  75  59  58  62  54  42  44  55  36  20  5  4  514  2007  7  11  10  22  6  10  16  15  22  17  17  14  167 pulmonary tuberculosis, CSM, pertusis, and pneumonia respectively within the period under review. Table 11 , on the other hand, illustrates the total number of occurrence per year for each disease. Table 12 shows the annual recorded number of death incidence for each of the diseases and their total. A comparison of Tables 13 and 1 to 5 shows that the studied air-borne diseases were relatively low during which only few industries were established. In 1985, only 154 patients were recorded with these diseases per annum (Table 13) , about 20 years later when the state had attained peak in industrialization, an average of 6,087 patients contracted the diseases in a year. Similarly, in 1985, 26 deaths were recorded out of 154 incidences (that is, 17% of the patients treated died). In 2003, 2 patients died out of 5139 (that is, 0.4%), in 2004, Total  2003  86  71  47  65  66  --54  64  74  69  60  656  2004  62  62  69  97  75  122  116  65  68  92  94  61  983  2005  71  66  57  52  92  91  101  94  88  61  58  66  879  2006  58  46  51  48  69  85  42  55  60  46  44  73  677  2007  74  41  61  59  70  62  114  43  54  43  71 65 757 Total  2003  54  48  23  41  24  --77  3  -17  2  289  2004  6  --3  -11  2  3  8  33  10  5  81  2005  10  6  -7  1  -6  1  ---14  43  2006 - Total  2003 235  350  290  393  342  --462  472  273  300  353  3470  2004 289  287  347  306  457  667  635  402  387  504  316  463  4760  2005 291  313  325  285  331  502  452  594  419  323  212  26  4309  2006 295  288  342  376  377  354  405  339  401  325  362  525  4189  2007 319  405  332  466  476  680  460  656  704  461  443  408  5810   Table 11 . Total number of occurrence per year for each disease. Pertusis  Pneumonia  Total  2003  712  656  12  289  3470  5139  2004  1433  983  19  81  4760  7276  2005  620  897  17  43  4309  5886  2006  514  677  4  1  4189  5385  2007  167  757  2  13  5810  6749 22 deaths occurred out of 7,276 incidence (that is, 0.3%), in 2005, 34 deaths were recorded out of 5,886 (that is, 6%). In 2006, 1 incidence was recorded out of a total of 5,385 incidences (that is, 0.02%), and in 2007, 1 patient died out of 6,749 (0.015%) patients who received treatment. The number of patients who died per year during the period under study was very small compared to the ones who died before the advent of industrialization (example, 1985) . However, this could be due to more accessibility to health care by patients contemporarily than before industrialization when they had to travel to major cities before they can receive any form of treatment as a result of underdevelopment. Although, the incidence of the disease appears to increase in the rainy season (March to September), (Figures 1 to 5) , it is possible that some of the patients contracted them in the dry season (October to February), when the particles are likely to be move around the environment by the south-westerly winds. Over 74% of all patients suffered from pneumonia attacks (Table  11) . Upper respiratory tract infection (URTI), chronic bronchitis, and cerebrospinal meningitis (CSM) were relatively low over the studied period; the reason for this is yet unknown and therefore subject to further research. The air quality data at selected locations in Niger-Delta (Table 14) and estimates of air emission in Rivers State (Table  15) are well above the national (Table 16 ) and international (Table 17 ) air quality standards. These findings show strongly that air pollution is one of the major causes of health impairment in Table 16 . National ambient air quality standards (NAAQS).
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the state.
Conclusions
The results of this study show that the lower atmosphere of rivers state is polluted by gases and particulates, and that it is already affecting the quality of life and productivity of the people. This confirms the earlier results of Nwachukwu and Ugwuanyi (2010) . Given the fact that a greater percentage of the land mass is covered by water than by land, the population densities of Rivers State (181 persons/km 2 ); the settlement characteristics of the people (compact traditional mud house with little or no ventilation), and the overall poverty level in the country, the number of people who have suffered and died due to these disease is likely to be more than officially reported and recorded. There is no record about the people's smoking habit. The AAQ in the state (Tables 14 and 15 ) exceeds both the national and international standards (Tables 16 and 17) ; and incidences of the diseases during the advent of industrialization are low relative to the contemporary cases (Tables 1 to 5, and 13). We therefore conclude that the diseases are largely due to air pollution.
